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The Naval Research Laboratory (NRL) Spectral Element Atmospheric Model (NSEAM) coupled with full physics is used 
to investigate the organization and propagation of Kelvin waves and Madden-Julian Oscillation under the aqua-planet 
conditions.  It is reported that the model simulation is highly sensitive to the horizontal viscosity, distribution of model 
vertical levels, and precipitation physics, based on the analysis of simulated convective precipitation in terms of time- 
longitude plots and the spectral diagrams designed by Wheeler and Kiladis.  The experiments results confirm the large 
variability of model simulations associated with convective processes and their coupling to large-scale wave motion, 
as observed by other global atmospheric models with the aqua-planet setting.  The physics of the model is calibrated 
to capture the essential interaction between the dynamics and physics of the atmosphere, thereby improving the 
simulation of equatorially trapped atmospheric waves.   The main features simulated by the new model with calibrated 
physics are similar to those predicted by the simplified theory and found in limited observations in view of the speed 
and spectrum of the eastward propagating Kelvin waves and the signature of the Madden-Julian Oscillation.
The NRL Spectral Element Atmospheric Model (NSEAM)
Dynamical Core - NSEAM [Giraldo 2005]
Maintains the high-order accuracy of spherical harmonics 
Scales efficiently and flexibly on current and future state-of-the-art                               
computing platforms
Can be used with efficient time-integrators including semi-implicit and                                   
semi-Lagrangian methods
Can be used with any grid 
Physics Package - NOGAPS [Hogan & Rosmond 1991]
Bulk Richardson no. dependent vertical mixing parameterization [Louis et al. 1982]
Cumulus parameterization [Emanuel & Zivkovic-Rothman 1999; Hogan et al. 1999;            
Peng & Hogan 2001]
Boundary-layer cloud parameterization [Teixeira and Hogan 2001]
Solar & terrestrial radiation parameterization [Chou & Peng 1983;                             
Chou 1984; Harshvardhan et al. 1987]
Effective surface roughness [Hogan et al. 1999]
Orographic drag parameterization [Webster et al. 2003]
Aqua-Planet Experiments [Kim et al. 2008]
Aqua-Planet experiment for consistent model intercomparison
No orography, land or sea ice (water everywhere)
Prescribed zonally uniform surface temperature field           
[Neale & Hoskins 2001]
Zero earth eccentricity and obliquity
Fixed equinoctial insolation with solar constant of 1365 Wm-2
Diurnal cycle of solar insolation 
CO2 amount of 348 ppmv (AMIP II)
Zonal-mean AMIP II ozone, symmetrized w.r.t. the equator 
PLUS NCEP/NCAR reanalysis fields for 2005 of humidity and            
temperature, zonally-averaged & symmetrized w.r.t. the equator
Experiment Design [Kim et al. 2008]
NOGAPS operational model physics
Start and stay on 9/21/2001 (solstice condition)
Semi-implicit time integration
Backward difference time step
ȟt = 300 sec
ȟtradiation = 1 hr
L30 or L20 w/ top@1hPa
Hyper-viscosity for physics (P=1x106, k=1)
Ne = 6 & Np = 8
H = Ne x Np = 0.866 (T+1)
(T = 1.155H – 1)  
H = 6 x 8 ~ T54 ~ 2.2¶
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CONCLUSIONS
The Naval Research Laboratory (NRL) Spectral Element Atmospheric Model (NSEAM), 
coupled to full physics, successfully simulates the organization and propagation of Kelvin 
waves and Madden-Julian Oscillation (MJO) under aqua-planet conditions.
The tropical convective precipitation physics and associated equatorial wave dynamics are 
highly sensitive to details of the vertical structure as well as the viscosity and, in particular, 
the convective precipitation processes parameterized in the model, which is considered one 
of the most uncertain components in large-scale atmospheric models.
The observed sensitivity may explain the difficulties in modeling of the equatorial waves 
and MJO in many large-scale atmospheric models, which should be properly simulated for 
accurate atmospheric prediction.  
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INITIAL CONDITIONS
SENSITIVITY TO HORIZONTAL VISCOSITY
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Organization of Kelvin waves depends strongly on viscosity.
SENSITIVITY TO MODEL VERTICAL STRUCTURE
SENSITIVITY TO MODEL PHYSICS
KELVIN WAVES & MADDEN-JULIAN OSCILLATION
L30 Uneven
+ New LCL




































































+New LCL +Original BLT
L30 Uneven
+Old LCL +Modified BLT
L30 Uneven
+Old LCL +Original BLT
LCL: Lifting Condensation Level








































Masunaga et al. [2006]
Observed Deep Storm
Cloudiness










































































































Zonally uniform surface temperature for Aqua-Planet Experiments
Propagation of Kelvin waves depends strongly on vertical grid.
Propagation of Kelvin waves depends strongly on model physics.










































NOGAPS: Navy Operational Global 
Atmospheric Prediction System
AMIP: Atmospheric Model 
Intercomparison Project
NCEP: National Centers for 
Environmental Prediction





















































Kelvin Wave & MJO
